To characterize the promoting activity of thiolknzamide (TB), a thiono-sulfur-containing xenobiotic, rats ofboth sexes were treated with the compound for 4 or 8 weeks after an initiating dose ofdiethyl-nitrosamine.
INTRODUCTION
notypic complexity of the enzyme-altered hepato-Thiobenzamide (TB) is a water-insoluble compound which belongs to the wide class of thionosulfur-containing xenobiotics. When administered to rats as a single high dose, TB induced early morphological and biochemical changes in the liver tissue as well as centrilobular necrosis (4, 13). When administered as a single low dose, no evidence of liver damage was seen, but a mitotic wave was observed in both hepatocytes and bile duct cells (20) . Many of these effects are believed to occur because active metabolites are formed (5, 6).
Biliary cirrhosis slowly developed upon chronic administration of TB; later, hyperplastic nodules and liver tumors were also seen (15) . Preliminary experiments, however, suggested TB as a promoter rather than a complete liver carcinogen (14) . Accordingly, it seemed interesting to further characterize the promoting ability of this compound. cyte foci during TB administration, 4-week-old female rats were given a single i.p. dose of diethylnitrosamine (DEN, 150 mg/kg body weight); 2 weeks later the animals were fed standard diet added with TB (1 g/kg of diet). Two control groups were used: one was given DEN only, the other was fed TB-containing diet only. Animals from all groups were killed weekly up to 4 or 8 weeks. Before killing 'they were overloaded with iron dextran according to Williams et a1 (27) and starved for 24 hr to deplete glycogen stores.
To study the effects of TB when administered at different doses, 8-week-old male and female rats were used. Two weeks after DEN injection, groups of animals were either 1) fed a diet in which TB was added at the concentration of 0.25, 0.5, 1, and 2 g/kg or 2) fed a diet in which Benzamide (BA) was added at the concentration of 1 g/kg. Control groups were run as before. Animals were killed 4 weeks METHODS Sprague Dawley rats of both sexes were used; they were housed in polycarbonate cages, provided min-era1 bedding, and had free access to food.
To study the kinetics of appearance and the phe-later after 18 hr starvation. Liver fragments were fixed in ice-cold 80% ethanol and quickly embedded in paraffin. To identify hepatocyte foci, serial sections were stained with hematoxylin and eosin and were reacted with PAS for glycogen, Perls for iron, and according to Rutemburg et a1 for gamma-glutamyltranspeptidase activity (21) . The stained sections were then photo- graphed. The color slides were projected and the sections and the foci inside them were outlined with different color pencils always comparing, for sake of accuracy, with the corresponding microscopical preparation. This composite drawing was used to classify each focus as positive to 1, 2, 3, or all 4 of the markers as well as to collect the primary data concerning the number and area of the foci per section. When necessary these raw data were corrected for the third dimension according to Campbell et a1 (2). In the experiments concerning sex-and doserelated effects .of TB, the hepatocyte foci were identified by their GGT activity only.
Livers from uninitiated rats fed TB for 4 weeks were homogenized in cold 0.0 1 M potassium-phosphate buffer (PH 7.6) containing 0.15 hi KCI and 1 mM EDTA, and microsomes as well as cytosol were obtained. Microsomal cytochrome P-450 and protein content were determined according to Matsubara et a1 (16) and Lowry et a1 (1 l), respectively. Aminopyrine demethylase was assayed by the method of Osimivitz and Kulkarni (1 8). Arylhydrocarbonhydroxylase activity was measured fluorometrically (1 7) by using an authentic sample of 3-OH benz(a)pyrene. Activity of flavin-containing monooxygenase was assayed by estimating the formation of N-oxide from N,N-dimethylaniline (28) and the formation of TB-S-oxide from TB (3). DT-diaphorase was determined according to Hojeberg et a1 (10) . Glutathione-S-transferase activity was measured by using l-chlor-2,4-dinitrobenzene as substrate (9). UDP-glucuronyltransferase activity was quantitated according to Mackenzie et a1 (12) .
RESULTS
TB administration by diet to DEN-initiated female rats resulted in the appearance of a number of hepatocyte focal lesions greater than that observed in control animals (Fig. la) . The number of foci, identified according to one or more of the markers used, showed an abrupt increase from the first to the second week after TB feeding. In the subsequent weeks, no further increase was seen even if the data were corrected according to the stereological procedures.
On the contrary, the increase in size of the lesions was gradual since the mean value at each observation point was higher than the preceding one ( Fig.  1 b) . Usually the shape of the foci was round or oval, but its surface could show some heterogeneity according to the marker considered. The mean mitotic activity of the hepatocytes lying within foci was higher than that of those in the surrounding parenchyma.
To verify ifthe phenotypic complexity ofthe focal lesions underwent changes with time, it was determined after the second, fourth, and eighth week of TB feeding and correlated with the size of foci. The results are summarized in Fig. 2a and 2b . At the beginning of the growth phase in foci development, i.e., after 2 weeks of TB, the majority of foci displayed only one marker and the percent incidence of those displaying three or four markers was very low. Foci displaying from one to three markers had roughly the same mean area, which was lower than that of the foci displaying four markers. After 4 and 8 weeks of TB feeding, the number of foci displaying three and four markers increased and their mean area was greater than that of the foci displaying one or two markers. No changes in the phenotypic complexity were seen between these two last points of observation, even when all kinds of foci increased in size. The results obtained by feeding TB to rats of both sexes at four different doses are summarized in Fig.  3a and 3b . When administered to DEN-initiated rats, TB induced the appearance of a number of foci greater than in controls in a dose-related fashion. Furthermore, the effects of TB on female rats were greater than those observed in males. TB feeding to both initiated and uninitiated rats induced a doserelated increase of the liverhody weight ratio (from 3.15 +-0.15 to 4.42 k 0.26, to mention only the extreme values).
Administration of Benzamide, a major TB metabolite, to DEN-initiated rats did not affect the appearance of hepatocyte foci. With respect to controls, TB administration by diet for 4 weeks decreased the liver microsome content of cytochrome P-450 by about 60% (Table I) . A remarkable decrease was also observed in the activity of aminopyrine demethylase and arylhydrocarbonmonooxygenase, which are considered as dependent upon the cytochrome P-450 family.
TB administration was also able to induce a significant depression of the activity of N,N-dimethylaniline N-oxidase and TB-S-oxidase, which are believed to belong to the FAD-containing monoox-ygenase, a cytochrome P-450 independent system TB effects on some I1 phase reactions were rather contrasting. In fact DT-diaphorase activity was practically unchanged. Glutathione-S-transferase activity was enhanced. UDP-glucuronyltransferase was increased, but there was a great variability among the animals so that this difference was not significant; when the assay was repeated after addition of a detergent, the intragroup variability disappeared and the increase was significant.
DISCUSSION
The reported results indicate that TB, when administered in the diet, behaves as a dose-dependent promoter of liver carcinogenesis, with a higher effect on female rats. The compound also induces changes in the amount and/or activity of many components of the drug metabolism systems.
The main findings according to which TB could be included among promoters of liver carcinogenesis are: 1) the early appearance and the sustained growth of a great number of enzyme-altered hepatocyte foci observed in rats fed TB after an initiating dose of DEN. The rather long interval between DEN administration and TB feeding rules out possible inhibitory effects of this compound on DNA repair. The use of focal lesions, which are not neoplastic in nature, as an end-point is now rather common in short-term studies for the identification of putative initiators and promoters; its rationale stems mainly from the accumulating evidence in favor of the preneoplastic role of these focal growths (7). 2) The very small number and size of hepatocyte foci seen in short-term experiments in which administration of TB as initiator (together with powerful stimuli for cell division) was followed by a known promoting protocol such as phenobarbital or 2-acetylaminofluorene plus CCl,.
It should be recalled that administration of TB alone for many months induced the late appearance (25) . of a few hyperplastic nodules and liver tumors (1 5). This finding, which could indicate TB as a complete liver carcinogen, is counterbalanced by the known appearance of liver tumors during the prolonged administration of many liver promoters to uninitiated rats, possibly by acting on spontaneously initiated cells (24) . The genotoxic activity of TB is substantially unknown. Using procaryotic systems the compound was not found to be mutagenic either in vitro or irr viva On the other hand, the appearance of electrophilic reactants during TB metabolic activation is a likely event. However, TB depresses its own activation.
The appearance of the hepatocyte focal lesions with TB feeding is almost synchronized. The simultaneous use of four markers clearly indicates that early hepatocyte foci constitute a rather heterogeneous population. Some of them develop and grow without ever displaying more than one marker; others show the presence of the full set of markers from the very beginning. The majority of foci, however, are indicated only by one marker when they are only identifiable by size.
Such an increase in the phenotypic complexity: 1) takes place only during the first four weeks of TB administration, because in the subsequent weeks the percent incidence does not change; 2) is clearly correlated with the increase in size. These last findings are in line with the results obtained by Peraino et a1 (19) .
The ability of TB to induce the appearance and growth ofGGT(+) foci in initiated females is greater than in males. It could depend on a greater efficiency of DEN to initiate hepatocytes in female rather than in male rats, but in DEN-only treated controls no differences were seen between sexes. The additive effects of estrogens superimposed on the TB effect could be considered, since estrogens can play a promoter role on hepatocarcinogenesis (26) .
As seen with many other liver promoters, the ability of TB to promote focal growths is dose dependent. The results indicate that at a given dose (with the possible exception of the largest one employed here) only part of the initiated cells appears to be sensitive to the TB effects, and the remaining being insensitive. The lack of response by some initiated cells to the TB promoting effects could be explained by suggesting that there is a correlation between the marker heterogeneity of the foci (and hence of the parent initiated cells) and their different sensitivity to TB.
TB feeding on a promoting schedule basis results in a sharp depression of both cytochrome P-450depending and FAD-containing monooxygenases and possibly in a decreased bioactivation of TB it-self. Since this compound must be metabolized in order to induce liver necrosis, such a finding could explain the substantial lack of liver damage observed during these short-term promotion experiments. Also, since hyperplastic nodules (and, by inference, hepatocyte foci) display the same overall depression of the monoxygenase systems (l), it is likely that promotion can be ascribed to TB itself rather than to some of its metabolites.
Is the monooxygenase depression induced by TB relevant for the promoting ability of the compound? As far as we are aware, most of the other promoters of hepatocarcinogenesis are actually inducers of the drug metabolizing system, and this represents an adaptive response (22) . On the other hand, the changes observed during TB administration in the mixed-function oxidases also represent an adaptive response. This effect is related to a decrease in the ability to activate a pretoxin and is associated with increase in the liver size and number of mitoses and possibly to retrodifferentiation (22) . Thus, promotion can result from these events.
The observation that the mitotic index is greater in foci of hepatocytes than in the surrounding parenchyma is in line with the finding that those hepatocytes are more prone than the others to many mitogens (23) . In more general terms, hepatocytes from foci could represent a more sophisticated form of adaptation since they are also able to develop a marked increase in enzymes ofthe phase I1 reactions (8).
